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1 Introduction 
 
The Tanjianshan Group was previously defined as a set 
of  shallow  metamorphic  green  rock  series  which  is 
composed  of  shallow  metamorphic  clastic  rocks  and 
intermediate-basic  volcanic  rocks  with  metamorphic 
bioclastic  limestone  and  marble,  distributed  in  the 
Saishitengshan,  Wandonggou  and  Tanjianshan  regions 
(Formation Catalog Writing Team of Qinghai Province, 
1980). It was extended to the whole north and southwest 
Qaidam (Qinghai Geology and Mineral Bureau, 1991) 
(Fig.  1a).  Recently,  some scholars  suggest  that  North 
Qaidam UHP metamorphic belt is tectonically linked with 
the  south  Altyn  Tagh  and  eastern  Qinling  UHP 
metamorphic belts, and they form an identical great HP/
UHP metamorphic belt (Yang et al., 2002; Song et al., 
2003; Zhang et al., 2005, 2006, 2011, 2013). The volcanic 
rocks  of  Tanjianshan  Group  in  north  Qaidam  are 
considered as arc volcanic rocks, which formed before 
early  Paleozoic  continental  collision  and  UHP 
metamorphism (Shi et al., 2004). Previous studies show 
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Abstract: The Tanjianshan Group, which was previously divided into a, b, c and d formations, has 
been controversial for a long time. It mainly distributes in the northern margin of Qaidam Basin and is 
an important early Paleozoic greenschist facies metamorphic volcanic sedimentary rock formation. 
Detailed field investigation and zircon LA-ICPMS U-Pb dating of the key strata suggest that the 
original lower part of a Formation (a-1) versus the original middle upper of d Formation (d-3 and d-4), 
the original upper part of a Formation (a-2) and b Formation versus the original lower part of d 
Formation (d-1 and d-2) of Tanjianshan Group are contemporaneous heterotopic facies volcanic-
clasolite deposit, respectively. The former formations formed during the middle-late Ordovician (463–
458 Ma), while the latter ones formed in the late Ordovician (about 445 Ma). The original c formation 
of Tanjianshan Group, which formed after 430 Ma, is similar to the Maoniushan Formation of Kunlun 
Mountains and north Qaidam Basin. According to the rules of stratigraphic division and naming, new 
stratum formations of Tanjianshan Group are re-built  and divided into Duancenggou (O1-2td), 
Zhongjiangou (O2-3tz) and Xitieshan (O3tx) formations. The original c Formation is separated from 
Tanjianshan Group and is renamed as the Wuminggou Formation (S3-D1w), which shows a discordant 
contact with underlying Tanjianshan Group and overlying Amunike Formation (D3a). The zircon U-Pb 
age frequency spectrogram of Tanjianshan Group indicates three prominent peaks of 430 Ma, 460 Ma 
and 908 Ma, which is consistent with the metamorphic and magmatic crystallization ages obtained 
from para- and orthogneisses in north Qaidam HP-UHP metamorphic belt, implying that strong 
Caledonian and Jinningian tectonic and magmatic events have ever happened in North Qaidam. 
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that  there exist  obvious differences in  the respects  of 
tectonic  deformation,  lithological  association  and 
metamorphic grade of Tanjianshan Group in north Qaidam 
Basin (Xia, 1996; Guo, 2000; Wang et al., 2000; Song et 
al., 2011; Li et al., 2006, 2007; Gao et al., 2011). Due to 
the  occurrence  of  lead-zinc-copper-gold  polymetallic 
Fig. 1 (a), Distribution map of the Tanjianshan Group of the North Qaidam ( QHBGMR, 1991; Gao et al., 2011), 1-Mesozoic 
strata; 2-Paleozoic strata; 3-Precambrian strata; 4-Meso-Cenozoic granite; 5-Paleozoic granite; 6-Tanjianshan Group; (b), Sim-
plified geological map of the Xitieshan deposit, Qinghai. 1—Pt1dk, Early Proterozoic Dakendaban Group; 2-O3tna-1 (original 
lower a Fm. of Tanjianshan Group); 3-O3tna-2 ?original upper a Fm. of Tanjianshan Group); 4-O3tnb?original b Fm. of Tanji-
anshan Group); 5-O3tnc?original c Fm. of Tanjianshan Group); 6-O3tnd-1?original d-1 Fm. of Tanjianshan Group); 7-O3tnd-2 
(original d-2 Fm. of Tanjianshan Group); 8-O3tnd-3?original d-3 Fm. of Tanjianshan Group); 9-O3tnd-4?original d-4 Fm. of 
Tanjianshan Group); 10-D3a (Late Devonian Amunike Fm.); 11-C1c (Early Carboniferous Chengqianggou Fm.); 12- Lower 
Silurian; 13-N (Tertiary Ganchaigou Fm); 14-marble; 15-massive sulfide deposit; 16-Fault; 17- location of drill hole; 18-Field 
observation points and sample location. 
?
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deposit,  the Tanjianshan Group has received extensive 
attention (No.5 Geological Team of Qinghai Province, 
1988). With the deepening of the work, the understanding 
for Tanjianshan Group is more and more diverse. From 
2010 to 2011, during the deep and fringe prospecting 
exploration in the Xitieshan lead-zinc deposit of the north 
Qaidam,  we  carried  out  detailed  field  observations, 
stratigraphic profile measurements, tectonic deformation 
research and sample collection for dating. Based on the 
above field work, zircon U-Pb dating of the volcanic rocks 
or  volcaniclastic  rocks  from  different  formations  of 
Tanjianshan Group is  finished.  This  paper  reports  the 
results  of  field  observations  of  the  lithostratigraphic 
sequence and LA-ICPMS U-Pb dating of zircons from 
Tanjianshan  Group  in  the  Xitieshan  area.  The  data 
constrain the metamorphic age and possible deposit age for 
Tanjianshan Group, and provide support for the occurrence 
of an early Paleozoic tectonic event along north Qaidam. 
 
2 Geological Setting 
 
The  north  Qaidam belt,  occurring  as  an  important 
tectonic metallogenic belt in northwest China, is a plate 
junction zone between the Quanqi massif and the Qaidam 
massif during the early Paleozoic. It is one of the first-
level tectonic unit of the Qinling-Qilian-Kunlun orogenic 
system, characterized by the exposure of the ophiolitic 
melange  belt,  UHP  metamorphic  zone,  and  the  arc-
volcanic rock of the Tanjianshan Group(Shi et al., 2006; 
Yang et al., 2006; Yang et al., 2001; Zhang et al., 2005). 
The Xitieshan Pb-Zn deposit, which is located in the 
central part of north Qaidam tectonic belt (Fig. 1a), occurs 
in  volcanic  sedimentary  rock,  with  geological  metal 
reserves of more than 4,000,000 tones.  In the 1950s, 
geological workers completed prospecting and field work 
in the Xitieshan area and named the shallow metamorphic 
greenschist rocks as the Xitieshan Group, belonging to 
Proterozoic  era  (Formation  Catalog  Writing  Team of 
Qinghai  Province,  1980).  When  the  No.1  Regional 
Geological Survey Team of Qinghai Geology and Mineral 
Bureau carried out the 1:200, 000 regional geological 
survey and geological mapping of the Wanmahai area in 
1980, The Tanjianshan Group was initiated and divided 
into five stratigraphic units: the bottom volcanic rock, the 
lower  clastic  limestone,  the  middle  conglomerate,  the 
upper volcanic rock, and the top clastic rock formations 
(No.5  Geological  Team  of  Qinghai  Province,  1988). 
Based on the corals and brachiopods fossils, it belongs to 
late Ordovician (QHGMB, 1991). In 1988, during the 
1:50,000 regional geological survey of the Xitieshan and 
Quanjihe extents, the No.5 Geological Team of Qinghai 
Province  followed  the  standpoint  of  late  Ordovician, 
regarded Tanjianshan Group as simple superimposition of 
monoclinal  structure,  and  re-divided  it  into  four 
stratigraphic formations and eight rock units (Li et al., 
2006): ? the lower volcanic-sedimentary Formation (also 
known as a Formation, O3tna), including the lower mafic 
and felsic volcanic rock unit (O3tna-1) and upper normal 
sedimentary rock unit (O3tna-2, main Pb-Zn strata); ? the 
intermediate-mafic  pyroclastic  rock  Formation  (i.e.  b 
Formation,  O3tnb);  ?  purple  red  sandy conglomerate 
Formation (i.e. c Formation, O3tnc); ? upper intermediate
-mafic  volcanic  Formation  (i.e.  d  Formation,  O3tnd), 
including the lower intermediate volcaniclastic rock (O3tnd
-1),  middle  normal  sedimentary  rock  (O3tnd-2),  upper 
intermediate volcaniclastic rock (O3tnd-3), and top basic 
lava (O3tnd-4). In 1991, the content of Tanjianshan Group 
was expanded (Qinghai Geology and Mineral Bureau, 
1991), including Saishitengshan Group, Asizha Group, 
Xitieshan Group and upper Shaliuhe Group. It belonged to 
late Ordovician-Silurian. From 2002 to 2004, during the 
study on “Ore-bearing Formation and Metallogenic Model 
of the Xitieshan Pb-Zn Deposit”, Li et al. (2004, internal 
report) put forward that the original O3tna-1 and O3tnb 
belonged to the same formation, while the original O3tnd-1 
and O3tna-1,  and the original  O3tnd-2  and O3tna-2  were 
contemporaneous  heterotopic  facies  volcanic-clasolite 
deposit, respectively. The Tanjianshan Group was again re
-divided into four formations (from bottom to up): ? the 
original O3tnc (purple red clastic rock assemblage); ? the 
original O3tna-1 (early intermediate-felsic volcanic rock + 
sedimentary  rock assemblage);  ?  the  original  O3tna-2 
(hydrothermal  sedimentary  rock  +  sedimentary  rock 
assemblage); ? the original O3tnd-3, 4 (mafic volcano + 
sedimentary rock assemblage). However, Li et al. (2006, 
2007)  separated  the  original  O3tnc  from  Tanjianshan 
Group  as  early  Silurian,  and  took  the  remaining 
Tanjianshan Group as early-late Ordovician. Therefore, 
the  Tanjianshan  Group  was  re-divided  into  three 
formations,  i.e.,  the early-middle  Ordovician volcanic-
clastic Formation (O1–2tnh), including the original O3tna-1, 
O3tnb and O3tnd-1; late Ordovician sedimentary Formation 
(O3tnc), including the original O3tna-2 and O3tnd-2 and late 
Ordovician  volcanic-subvolcanic  Formation  (O3tny), 
including the original O3tnd-3 and O3tnd-4. 
To  date,  the  1988’s  classification  scheme  of  four 
stratigraphic  formations  and  eight  rock  units  of 
Tanjianshan Group are used in the geological map of the 
Xitieshan lead-zinc deposit (Fig. 1b). 
 
3 Field Survey of Tanjianshan Group 
 
3.1 Characteristics of the Xitieshangou stratum profile 
The Xitieshangou stratum profile of Tanjianshan Group 
is presented in Figure 2. The location is in A-B of Figure 
1b. The coordinates of A and B are N: 37°20′29.9″, E: 95°
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34′38.9″ and N: 37°19′45.5″, E: 95°33′16.1″, respectively. 
The descriptions of the Xitieshangou stratum profile are 
presented in Table 1. 
As shown in Table 1, a strong deformation compound 
synclinal  fold  develops  in  Tanjianshan  Group  in  the 
Xitieshangou profile (Fig. 2). Hornblende chlorite schist is 
an obvious symbol layer and occurs repeatedly in both 
sides of the original c Formation. The original a-1 (O3tna-
1), d-3 (O3tnd-3) and d-4 (O3tnd-4) formations are intruded 
by nearly homochronous granitic rocks, and are involved 
in  late  strong  structure  deformation.  The  original  c 
Formation (O3tnc, red conglomerate formation) overlays 
discordantly on the original b (O3tnb) and d-1 (O3tnd-1) 
formations, and displays a regular NNW-striking foliation 
with a steep dip toward the SW (Fig. 2), with late fault on 
the unconformity. The remaining thickness of Tanjianshan 
Group in the Xitieshangou area is about 1945 m thick, 
while the true thickness is about 700–1000 m. 
 
3.2 Characteristics of the Zhongjiangou stratum profile  
The Zhongjiangou stratum profile of Tanjianshan Group 
is presented in Figure 3, and its location is in C-D of 
Figure 1b. The coordinates of C and D are N: 37°19′26.7″, 
E:  95°35′30.9″  and N:  37°19′02.3″ ,  E:  95°33′53.8″ , 
respectively.  The  profile  descriptions  are  presented in 
Table 2. 
The  gross  thickness  of  Tanjianshan  Group  in 
Zhongjiangou profile is greater than 2740 m, but the actual 
remaining thickness is about 900–1200 m.  
Hornblende  chlorite  schist  occurs  repeatedly  in  the 
Fig. 2 Geological A-B section map of the Xitieshangou, Xitieshan area (O3tna, O3tnb, O3tnc and O3tnd in Fig. 2 are previously Group 
or Formation, while O2td, O3tz, O3tx and D2w present newly- built Group or Formation. Position of A and B see Fig. 1) 
?
Fig. 3 Geological C-D section map of the Zhongjiangou, Xitieshan area (O3tna, O3tnb, O3tnc and O3tnd in Fig 2 are previously 
Group or Formation, while O2td, O3tz, O3tx and D2w present newly- built Group or Formation. Position of C and D see Fig. 1) 
?
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Zhongjiangou stratum profile,  which is  similar  to  the 
Xitieshangou profile. The original c Formation (O3tnc) 
rests uncomfortably on the original b and d-1 formations 
and  is  involved  in  late  fold  deformation  with  late 
Devonian  Amunike  Formation  (D3a).  However,  they 
present a regular NNW-striking foliation with a steep dip 
toward the NE, which is opposite to the Xitieshangou 
profile (Fig. 2). 
 
4 Zircon LA-ICP-MS U-Pb Dating from Key 
Volcanic-Sedimentary Rocks 
 
4.1 Samples 
Six samples were selected from the original a-1, b, c, d-
3 and d-4 formations of Tanjianshan Group (Table 3). 
 
4.2 Method  
Samples for U-Pb zircon dating weighed about 4 kg and 
were crushed and milled to < 350 μm. Zircons were 
separated from these samples using conventional heavy 
liquid and magnetic techniques. More than 100 inclusion 
free preferentially euhedral zircon grains were handpicked 
under a binocular microscope from the nonmagnetic heavy 
mineral fraction and mounted into 0.5 cm thick epoxy 
resin blocks. By grinding and subsequent polishing, the 
core parts of the zircon grains were exposed at the surface 
of the blocks. Internal structure of zircons was examined 
using cathodoluminescence (CL) image technique prior to 
U-Pb  isotopic  analyses  (Fig.  4).  The  U–Pb  age 
determinations  by  laser  ablation  inductively  coupled 
plasma mass spectrometry (LA-ICP-MS) on zircons from 
these samples were carried out on an element XR sector 
field  ICP-MS  that  was  interfaced  to  a  UP-193  ArF 
excimer laser ablation system at the State Key Laboratory 
of Isotope Geochemistry in the Guangzhou Institute of 
Geochemistry,  Chinese  Academy of  Sciences.  Sample 
mounts were placed in the two-volume sample cell flushed 
with Ar and He. Laser ablation was operated at a constant 
?Table 1 The Xitieshangou stratum profile of Tanjianshan Group in the Xitieshan area 
No. Lithology Occurrence Thickness (m)
 Top not seen   
27 Chlorite schist, feldspar chlorite schist and quartz chlorite schist interbeded with metamorphic granodiorite (late intrusion, metamorphic deformation) 245°?46° 120 
26 Hornblende chlorite schist 95°?85° 20 
25 Chlorite schist, and feldspar chlorite schist with metamorphic fine sandstone and siltstone 260°?82° 100 
24 Hornblende chlorite schist 236°?68 10 
23 Chlorite schist with metamorphic granite or granitic mylonite 242°?73° 100 
22 Hornblende chlorite schist 250°?80° 10 
21 Chlorite schist 242°?60~75° 40 
20 Hornblende chlorite schist 245°?75° 20 
19 Chlorite schist 235°?68° 40 
18 Hornblende chlorite schist ————Fault———— 235°?67° 15 
17 
Metamorphic pelite, phyllic slate, siliceous rock, chlorite schist, lentoid metamorphic limestone, “M-” or 
“W-type” tight fold 
————Fault 4———— 
230°?85° 160 
16 Silty carbonatite, and a small amount of slate 260°?68° 20 
15 Chlorite schist, and sericite schist  80 
14 Mn carbonatite, ambo sheet slate 240°?72° 50 
13 Chlorite schist, sericite schist, quartz chlorite schist and a little of metamorphic siltstone ????unconformity?superposition Fault F3????? 245°?75° 120 
12 
Slight metamorphic conglomerate, pebbly sandstone, coarse quartz sandstone with fine sandstone and 
siltstone. They form a big overturned syncline with pinacoid dip SW 
????unconformity?superposition Fault F2????? 
260°?70°  160 
11 Metamorphic sandstone, fine sandstone and siltstone 225°?65° 10 
10 
carbonaceous chlorite schist, carbonaceous sericitization quartz schist, sericitization quartz schist, stripped 
calcareous chlorite schist, calcareous schist and carbonaceous shale with thin or thick marble and lead-zinc 
ore body, strongly tight fold 
70°?75° , 
245°?85° 100 
9 Metamorphic siltstone and quartz sandstone with chlorite schist, interlamination shearing fold development 70°?75° 120 
8 Chlorite schist and hornblende chlorite schist 70°?76° 80 
7 Metamorphic fine sandstone and siltstone with chlorite schist, interlamination fold development ————Fault———— 
65°?58° , 
235°?64° 50–255 
6 Chlorite schist and sericite quartz schist  25 
5 Hornblende chlorite schist 245°?83° 10 
4 
Chlorite schist, sericite quartz schist and quartz chlorite schist with thin siliceous rock, tight fold, 
metamorphic granite or granite mylonite 
————Fault————  
70°?86° 180 
3 Chlorite schist, silty chlorite schist or hornblende chlorite schist 55°?85° 20 
2 Alternation of strata of Hornblende chlorite schist and siliceous rock 55°?85° 60 
1 Slight metamorphic fine sandstone and siltstone with phyllite ————Fault F1———— 
55°?85° 20 
 Underlying stratum?Proterozoic Dakendaban Complex, paragneisses and orthogneisses, which commonly encloses blocks of eclogite, schist and marble  >1000 
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energy 80 mJ and at 8 Hz, with a spot diameter of 31 μm. 
The ablated material was carried by the He gas to the 
Aglient 7500a ICP-MS. Element corrections were made 
for mass bias drift, which was evaluated by reference to 
standard glass NIST 610 (Pearce et al., 1997). Zircon 
TEM (417 Ma) was used as external standard for U-Pb 
dating (Black et al., 2003) and was analyzed twice every 5 
analyses. Trace-element concentrations were obtained by 
normalizing count rates for each analyzed element to those 
for Si, and assuming SiO2 to be stoichiometric in zircon 
(Tu  et  al.,  2011).  Detailed  analytical  procedures  are 
similar to those described by Liu et al. (2008, 2010). 
Quantitative calibration for trace element analyses and U-
Pb  dating  were  performed  by  the  ICPMS  Data  Cal 
software.  Raw  data  were  processed  using  the 
GLITTER4.0 software (Macquarie University). Concordia 
diagrams  and  weighted  mean  calculations  were  made 
using Isoplot/Ex 3 (Hirai and Arai, 1986; Ludwig, 2003). 
 
4.3 Results 
Results of isotopic measurements on zircons from six 
samples (errors are at 1 σ) are listed in Table 1 and are 
shown in conventional U-Pb concordia plots in Figure 5. 
The analyze data are shown in Appendix 1. 
 
4.3.1 Sample 2011XTS02-2  
Of the 22 analyses on 22 zircon grains, all except one 
zircon  (2011XTS02-2.4),  are  concordant  within 
uncertainties (Fig. 5a). The measured 206Pb/238U (<1000 
Ma) and 207Pb/206Pb (>1000 Ma) ages range from 455 Ma 
to 2539 Ma, with one prominent age peak at ca 463.5 Ma 
(Fig.5b). Nine (spots 2011XTS02-2.7-9, 12, 17-18 and 20-
22,  Appendix  1)  of  these  concordant  zircons  yield  a 
weighted  mean  206Pb/238U  age  of  461.5  ±  5.2  Ma 
(MSWD=0.21, n=9, inset of Fig. 5b) that provides the best 
estimate of the crystallization age of this sample and the 
maximum sedimentation age of  volcano-sedimentation. 
The zircons are colorless, transparent, showing oscillatory 
?Table 2 The Zhongjiangou stratum profile of Tanjianshan Group in the Xitieshan area 
No. Lithology Occurrence Thickness?m?
31 Chlorite schist 70°?58°  >50 
30 Hornblende chlorite schist 70°?58° 30 
29 Chlorite schist 70°?58° 220 
28 Hornblende chlorite schist 65°?72° 45 
27 Chlorite schist and feldspar chlorite schist 55°?52° 200 
26 Hornblende chlorite schist 45°?50° 50 
25 Quartz chlorite schist and sericite schist with metamorphic granodiorite 45°?48° 140 
24 Hornblende chlorite schist 50°?75° 20 
23 Chlorite schist 235°?72° 70 
22 Hornblende chlorite schist 235°?85° 20 
21 Chlorite schist 50°?85° 40 
20 Hornblende chlorite schist 55°?65° 20 
19 Chlorite schist ————Fault F5———— 
245°?80° 80 
18 Hornblende chlorite schist 245°?80° 40 
17 Chlorite schist and sericite chlorite schist 245°?80° 130 
16 Hornblende chlorite schist 245°?80° 15 
15 Chlorite schist and sericite chlorite schist 245°?80° 40 
14 Hornblende chlorite schist ————Fault F4———— 
245°?80° 30 
13 Chlorite schist and sericite chlorite schist,  “M-” or “W-”type tight fold  ————Fault———— 
40~60°?75~85°,  
260°?75~85° 320 
12 Alternation of strata of Siliceous rock and marble ————Fault———— 235° ?58~78° 135 
11 Chlorite schist, quartz chlorite schist, calcareous schist and silty chlorite schist with metamorphic rhyolitic porphyry and obvious Cu mineralization 260° ?85° 300 
10 Hornblende chlorite schist ————Fault F3———— 
260° ?85° 5 
9 Chlorite schist ???unconformity?superposition Fault F3???? 270°?82° 250 
8 Prunosus metamorphic multi-composition conglomerate, pebbly sandstone and quartz sandstone 60°?52° 20 
7 Yellow coarse sandstone and sandstone 43°?80° 80 
6 Prunosus metamorphic conglomerate, pebbly sandstone and quartz sandstone ???unconformity?superposition Fault F2???? 15°?85° 5–20 
5 Chlorite schist with local metamorphic granite ————Fault F0———— 
55°?50~75° 120 
4 Chlorite schist, calcareous schist with marble and Pb-Zn ore body, tight fold 58°?70° , 245°?83° 80 
3 Chlorite schist with metamorphic quartz sandstone and siltstone 70°?50~83° 120 
2 Hornblende chlorite schist 65°?80° 20 
1 Metamorphic quartz sandstone and siltstone ————Fault F1———— 
50°?60° 40 
 Underlying stratum: Proterozoic Dakendaban Complex, paragneisses and orthogneisses, which 
commonly encloses blocks of eclogite, schist and marble 
 >1000 
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Fig.4. CL photomicrographs of representative zircons analyzed for LA-ICPMS U–Pb ages. Spots are 31 microns in length for scale. 
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zoning (Fig. 4), and have highly variable contents of Th 
(56–151 ppm), U (96–303 ppm) and Th/U ratios (range 
between  0.19  and  1.54)  (Appendix  1),  indicating  a 
magmatic origin. Two zircons (spots 2011XTS02-2.15–
16) obtained a weighted mean 206Pb/238U age of 456.0 ± 
11.2  Ma  (MSWD=0.041,  n=2),  representing  a 
metamorphic  age,  with  Th/U  between  0.006–0.008 
(Appendix  1).  The  remaining  ten  zircons  are  almost 
rounding (Fig. 4). The obtained 206Pb/238U (<1000 Ma) 
and 207Pb/206Pb (>1000 Ma) ages range from 956 Ma to 
2539 Ma, with Th/U>0.1, representing the oldest zircon 
crystallization age.  
 
4.3.2 Sample 2011ZJ18-1  
Of the 24 analyzed zircon grains for this sample, 22 
grains  are  concordant  with  uncertainties,  except  for 
zircons of 2011ZJ18-1.11 and 22 (Appendix 1, Fig. 5c). 
Twenty zircon grains of these concordant zircons show 
oscillatory zoning (Fig. 4) and have a wide range of Th/U 
ratios  ranging  between  0.39  and  0.98  (Appendix  1), 
indicating a magmatic origin. Twenty analyses give a 
weighted mean 206Pb/238U age value of 463.8 ± 3.9 Ma 
(MSWD=0.2,  n=20?Fig.  5d)  that  provides  the  best 
estimate  of  the  crystallization  age  and  maximum 
sedimentation age of sample 2011ZJ18-1. The remaining 
two  zircons  (spots  2011ZJ18-1.14  and  18)  are  of  a 
metamorphic origin and give two concordant 206Pb/238U 
ages of 455.4 ± 7.2 Ma and 459.5 ± 11.5 Ma, with Th/
U<0.1 (0.006–0.008, Appendix 1). 
 
4.3.3 Sample 2011DC03-1 
Zircons extracted from the sample 2011DC03-1 are 
colorless, transparent and show oscillatory zoning (Fig. 4). 
Analyses of 22 zircon grains of sample 2011DC03-1 yield 
relatively high content of Th (25–471 ppm) and U (36–
939  ppm).  Th/U  ratios  vary  between  0.1  and  0.96 
(Appendix 1) and are indicative of a magmatic origin. 
Among the 22 concordant analyses (Fig. 5e), 6 zircons 
yield a weighted mean 206Pb/238U age value of 445.6 ± 5.1 
Ma (Fig. 5f), with Th/U>0.1 (0.17–0.48, Appendix 1), 
while 15 zircons give a weighted mean 206Pb/238U age 
value of 906.3 ± 7.6 Ma, with Th/U=0.10–0.96 (inset of 
Fig. 5e, Appendix 1). These two ages indicate the sample 
underwent magma activities of the Caledonian and Jinning 
tectonic  movement,  respectively.  In  addition,  a  mid-
Proterozoic older concordant age of 1738.9 ± 73.8 Ma is 
obtained. 
 
4.3.4 Sample ZK44007-16-05 
Of the 69 analyses conducted on 69 zircons for sample 
ZK44007-16-05,  63  are  concordant  with  uncertainties 
(Fig. 5g). The zircons are complex, and have not only 
magmatic and but also metmarphoric origin (Fig. 4). The 
measured 206Pb/238U (<1000 Ma) or 207Pb/206Pb (>1000 
Ma) ages range from 420 Ma to 2636 Ma, with the 
minimum peak age value of 430Ma (inset of Fig. 5g), 
indicating that the sedimentation age should not be earlier 
than 430 Ma. Among the 69 analyzed zircon grains (Fig. 
5g), 28 metmarphoric zircons yield two weighted mean 
206Pb/238U age values of 430.6 ± 3.2 Ma and 456.1 ± 6.3 
Ma,  with  Th/U  <0.1  (0.005–0.083  and  0.01–0.09, 
respectively),  while  17  magmatic  zircons  give  two 
weighted mean 206Pb/238U age values of 431.1 ± 5.1 Ma 
(Fig. 5h) and 456.2 ± 7.4 Ma, with Th/U>0.1 (0.15–1.49 
and  0.12–0.63,  respectively,  Appendix  1).  Moreover, 
some sporadic Proterozoic–Archeozoic detrital zircon ages 
are obtained.  
 
4.3.5 Sample 2011XTS04-1 
Of the 39 analyses conducted on 39 zircons for sample 
2011XTS04-1, 33 are concordant with uncertainties (Fig. 
5i). The measured 206Pb/238U (<1000 Ma) or 207Pb/206Pb 
(>1000 Ma) ages range from 459 Ma to 2440 Ma, with a 
main peak age value of 460.8 Ma (Appendix 1). Among 
the 31 concordant analyses (Fig. 5i), three metmarphoric 
zircons (spots 2011XTS04-1.05, 10 and 14, Fig. 4) give 
three concordant 206Pb/238U ages of 456.0 ± 8.8 Ma, 457.8 
± 8.8 Ma and 458.2 ± 8.0 Ma (Appendix 1), with a 
weighted  mean  206Pb/238U  age  of  457.4  ±  9.6  Ma 
(MSWD=0.019, n=3) and Th/U <0.1 (0.001–0.003), while 
fifteen magmatic zircons (spots 2011XTS04-1.03-04, 09, 
12–13, 19, 23, 27, 29, 31–32, 35 and 37–39, Fig. 4) yield a 
weighted  mean  206Pb/238U  age  of  458.0  ±  3.6  Ma 
(MSWD=0.046, n=12, Fig. 5j), with Th/U>0.1 (0.30–1.50, 
Appendix 1), indicative of the volcanic erupting age. The 
remaining  fifteen  zircon  grains  give  old  concordant 
Neoproterozoic-Archean  206Pb/238U  (<1000  Ma)  or 
207Pb/206Pb (>1000 Ma) ages of 786~2440 Ma (Appendix 
1).  
 
4.3.6 Sample 2011XTS17-2 
The sample 2011XTS17-2 contains clear euhedral zircon 
grains with oscillatory or planar growth zoning (Fig. 4). 
Most of them are equant to long prismatic. Crystals range 
from 100 to 250μm in length, with aspect ratios from 1:1 to 
3:1. The zircons have highly variable contents of Th (61–
524 ppm) and U (158–506 ppm) and Th/U ratios range 
between  0.39  and  0.84  (Appendix  1),  indicating  a 
magmatic origin. Of the 28 analyses conducted on 28 
zircons  for  this  sample,  twenty-seven  zircons  are 
concordant with uncertainties and fall within a narrow age 
range of 451–468 Ma (Fig. 5k), giving a weighted mean 
206Pb/238U age of 462.7 ± 3.7Ma (MSWD=0.19, n=27, Fig.  
5l) that provides the best estimate of the erupting age of 
volcanic  rock  or  the  maximum  sedimentation  age  of 
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volcanic-sedimentary rock. 
 
5 Discussions 
 
5.1 Timing of Tanjianshan Group 
In recent years, isotopic dating for Tanjianshan Group 
of  the  northern  Qaidam Basin  has  been  carried  out. 
However, the obtained ages are highly variable, ranging 
from 416 Ma to 496 Ma. Wu et al (1987) obtained the 
radiometric isochron age of 465 ± 6 Ma of volcanic rocks 
by the whole rock Rb-Sr and K-Ar methods, while Zhang 
et al. (2005) yielded a K-Ar age of 416 ± 7 Ma for 
andesitic  volcanic  from  previous  a-1  Formation  of 
Tanjianshan Group. Li and Zheng (1999) reported a zircon 
U-Pb age of 486 ± 13 Ma for acidic volcanic rock from 
Tanjianshan Group, Xitieshan area. Yuan et al. (2002) 
obtained a zircon U-Pb age of 496 ± 6 Ma for gabbro from 
the Luliangshan area, in North Qaidam, which intruded 
into  Tanjianshan  Group,  by  the  zircon  U-Pb  TIMS 
method, indicating that the formation age of Tanjianshan 
Group should  be  older  than  496  Ma.  Obviously,  the 
original ages are unreliable because of the methods of 
traditional experimental dating techniques. 
Recently,  Shi  et  al.  (2004)  and  Gao  et  al.  (2011) 
reported zircon LA-ICPMS U-Pb ages of 514 ± 8 Ma and 
443.1 ± 7.3 Ma for basaltic andesite of Tanjianshan Group 
from the Shuangkoushan area, Jilvsu, north Qaidam and 
east Nalingguole area, south Qaidam, respectively. The 
accuracy and precision of  zircon U-Pb ages  via  LA-
ICPMS  method  can  be  comparable  with  SHRIMP 
technology (Horn et al., 2000; Li et al., 2000; Liang et al., 
2000).  Our  LA-ICPMS U-Pb  dating  of  zircons  from 
different key layers of Tanjianshan Group, in Xitieshan 
area, shows that the original a-1, b, d-3 and d-4 formations 
formed at 463.8–446.8 Ma, belonging to the middle-late 
Ordovician. Zircon 206Pb/238U ages of mafic volcanic or 
volcanic-clastic sedimentary rock from a-1, d-3 and d-4 
formations of Tanjianshan Group, Xitieshangou area are 
461.5 ± 5.2 Ma, 458.0 ± 3.6 Ma and 462.1 ± 3.7 Ma, 
respectively, while the zircon age of 463.8 ± 3.9 Ma for 
mafic volcanic rock from a-1 formation of Tanjianshan 
Group, Zhongjiangou area is confirmed. They are very 
close within the error range, indicating that they formed 
simultaneously.  However,  the  ages  are  about  55  Ma 
Fig.5. LA-ICPMS U–Pb concordia age plots (a, c, e, g, i, and k) and frequency spectrogram (b and inset of Fig. 5g) and 
weighted average maps (d, f, inset of b and e, h, j, and i) for zircons from Tanjianshan Group, Xitieshan area. 
?
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younger than the formation age of 514 Ma of basaltic 
andesite of Tanjianshan Group from the Shuangkoushan 
area, Jilvsu, North Qaidam, which were reported by Shi et 
al. (2004). Zircon 206Pb / 238U age of felsic volcanic rock 
of  original  b  Formation  from the  Duancenggou area, 
Xitieshan is 445.6 ± 5.1 Ma. It is about 15 Ma younger 
than ages (458–462 Ma) of the original a-1, d-3 and d-4 
formations  from  the  Xitieshangou  and  Zhongjiangou 
areas, whereas this is consistent with age (443.1±7.3 Ma) 
of basalt of Tanjianshan Group from the southern margin 
of the Qaidam Basin (Gao et al., 2011). 
The original c Formation of Tanjianshan Group is a suit 
of molasse clastic sedimentary formation, which deposited 
after 430 Ma. Detrital zircon 206Pb/238U ages from original 
c Formation vary between 429 Ma and 432 Ma, with a 
prominent peak of 430 Ma. Apparently, the formation time 
of original c Formation of Tanjianshan Group should be 
later than 430 Ma, and should not belong to the late 
Ordovician. The lithologic assemblage of c Formation is 
similar with that of the lower Maoniushan Formation, 
which distributed widely in the middle and southern parts 
of Qilianshan and southern and northern parts of Qaidam 
Basin. The Maoniushan Formation is composed of clastic 
rock in the lower and volcanic rock and fine clastic rock in 
the upper. Lu et al. (2010) and Zhang et al. (2010) obtained 
zircon LA-ICPMS U-Pb ages of 423–400 Ma for volcanic 
rock from upper Maoniushan Formation, belonging to Late 
Silurian-Early  Devonian.  It  is  noteworthy  that  the  c 
Formations  that  distributed  in  different  regions  are 
different.  It  is  composed  of  a  coarsing-upward  flysch 
formation  in  the  lower  and  a  fining-upward  molasse 
formation in the upper in some place (Bai, 1994; Bai and 
Zhang, 1992), indicating a typical sedimentary formation 
of foreland basin. However, only fining-upward molasse 
formation in the Xitieshan region suggests the later stage of 
development of foreland basin and implies the end of the 
Early Paleozoic orogeny. Xu et al. (2003) obtained two 
muscovite 39Ar/40Ar plateau ages of 401.5 ± 0.5 Ma and 
405.7 ± 0.9 Ma and suggested that exhumation of UHP 
metamorphic belt Xitieshan completed at 406–400 Ma. 
The  filling-sequence  and  spatial  distribution  of  the 
Ordovician back-arc basin volcanic rocks (original a, b and 
d  formations),  Late  Silurian-early  Devonian  shallow 
marine flysch-molasse (original c Formation) and Early-
middle Devonian continental molasse formation (Amunike 
Formation)  reflect  a  typical  sedimentary  sequence  of 
transition from back-arc basin to foreland basin. Therefore, 
it is reasonable for limiting the c Formation to 423–400 Ma 
(i.e. Late Silurian to early Devonian).  
The re-built Duancenggou Formation is mainly clastic 
rock formation, underlying discordantly the original a-1 
Formation of Tanjianshan Group. It is suggested that the 
Duancenggou Formation should form earlier than 463 Ma, 
and may belong to the early-middle Ordovician.  
 
5.2 Re-building of formations of Tanjianshan Group 
Li et al. (2006, 2007) carried out detailed study on 
Tanjianshan  Group,  which  was  divided  into  three 
formations, i.e., the Early-Middle Ordovician volcanic-
mclastic formation (O1-2tnh), late Ordovician sedimentary 
formation  (O3tnc),  and  late  Ordovician  volcanic-
subvolcanic formation (O3tny). The original c Formation 
was separated from Tanjianshan Group as early Silurian 
by Li et al. (2006, 2007). The Early-middle Ordovician 
volcanic-clastic Formation (O1-2tnh) is equivalent to the 
original a-1, b and d-1 formations, while late Ordovician 
sedimentary  (O3tnc)  and  volcanic-subvolcanic  (O3tny) 
formations are equivalent  to  the original a-2 and d-2 
formations  and  the  original  d-3  and  d-4  formations, 
respectively. Li et al. (2007) further pointed out that the 
original a-1 and original d-1 formations as well as original 
a-2  and  original  d-2  formations  are  simultaneous 
formations in different regions. However, there exist some 
important features as follows after  the study on field 
observations and detailed descriptions of the front strata 
profile of Tanjianshan Group (Figs. 2 and 3). 
(1)  Light  green  amphibole  chlorite  schist,  which  is 
generally 5–20 m thick, is an obviously indicator symbol 
layer and is widely distributed in the original a-1, d-3 and d-
4 formations of Tanjianshan Group. For example, lays2, 5, 8, 
18, 20, 22, 24 and 26 in Figure 2, and lays 2, 10, 14, 16, 18, 
20, 22, 24, 26, 28 and 30 in Figure 3. LA-ICPMS U-Pb 
dating  for  zircons  of  amphibole  chlorite  schist  from 
Tanjianshan  Group  in  different  regions  yield  similar 
weighted means 206Pb/238U ages of ca 460 Ma, indicative of 
consistency of the formation age of the mafic volcanic rocks. 
?(2) The original c Formation of Tanjianshan Group 
(O3tnc)  is  mainly  composed  of  purple  conglomerate, 
pebbly sandstone, quartz sandstone and siltstone and rests 
unconformity on the underlying the original b and d-1 
formations. Field observations show that late fault activity 
was  superimposed  in  the  unconformity  between  the 
original c and b or d-1 formations. However, these strata 
are  strongly  folded,  overturned,  recumbent  and  tight 
because of late stage tectonic movements (Figs. 2 and 3). 
Therefore, it causes the false appearance and opposite 
result that the formation age of the c Formation is earlier 
than one of d-1 Formation.  
(3)  Composition  of  conglomerate  of  the  original  c 
Formation includes gray-green chlorite schist,  phyllitic 
slate, quartzite and a small amount of marble. Chlorite 
schist of gravel is similar with that of the underlying 
original a, b and d formations. The forming time of c 
Formation should be later than the original a, b and d 
formations, and there exists a sedimentary gap between 
the original c and a, b, d formations. Zircon dating of 
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samples from the Zhongjiangou area also demonstrates 
that the formation age of c Formation is later than 430 Ma. 
Therefore we suggest that the original c Formation should 
be excluded from Tanjianshan Group and be built as a new 
stratum formation.  
(4) There is a suit of shallow metamorphic sedimentary 
clastic rocks in the basement of original a-1 Formation of 
Tanjianshan Group in the Xitieshangou and Zhongjiangou 
stratum profiles (Figs. 2 and 3). Coarse sandstone, fine-
grained sandstone and siltstone also occur at the bottom of 
the  original  Tanjianshan  Group  and  the  Dakendaban 
Group of the Duancenggou area, Xitieshan. The deposit 
age of the clastic rock formation should be earlier than that 
of the original a-1 Formation of Tanjianshan Group. The 
formation age is older than 463 Ma, belonging to the Early
-middle Ordovician. We infer that the clastic rock should 
be separated from the original a-1 Formation as a new 
stratum formation. 
According to the above stratigraphic section features, 
combining with zircon dating results and stratigraphic 
division principle, a new set of local formation and group 
is established, as shown in Table 4. 
Duancenggou Formation (O1–2td) 
It is a new building stratigraphic unit, which is not 
described  in  the  original  Tanjianshan  Group,  and 
comprises of yellow and brown coarse- to fine-grained 
metamorphic clastic rocks, interbedding with thin chlorite 
schist,  marble  and  siliceous  rocks.  The  Duancenggou 
Formation  occurs  mainly  in  the  Duancenggou  area, 
Xitieshan and its lower part is not exposed. Its thickness is 
about 200 m. 
Zhongjiangou Formation (O2–3tz)  
The Zhongjiangou Formation (O2–3tz), which distributed 
mainly in the Xitieshangou and Zhongjiangou area, is 
equivalent to the original O3tna-1, O3tnd-3 and O3tnd-4. It 
mainly  consists  of  amphibole  chlorite  schist,  chlorite 
schist, chlorite quartz schist, epidote schist, chlorite quartz 
sericite schist and marble, with minor metmarphic andesite 
and rhyolitic tuffs. 
(3) Xitieshan Formation (O3tx)   
The Xitieshan Formation (O3tx), which is the main Pb-
Zn ore-bearing stratum, is equivalent to the original O3tna-2, 
O3tnb, O3tnd-1 and O3tnd-2 group and is subdivided into two 
sections. The lower section (O3tx1) is equivalent to the 
original O3tna-2  or  O3tnd-2  and is mainly composed of 
siliceous  rock,  carbonaceous  sericite  chlorite  schist, 
carbonaceous sericite quartz schist, quartz sericite schist 
and  limonite  sericite-quartz  schist,  with  marble  and 
metamorphic fine-grained calcareous sandstone, siltstone 
and muddy stone, while the upper section (O3tx2) is similar 
to the original O3tnb or O3tnd-1 and includes mainly gray-
green plagioclase  chlorite  schist,  quartz  sericite  schist, 
sericite schist and marble, with metamorphic silty slate, 
pebbly  sandstone  and  shale.  Amphibolite  schist, 
metmarphic tuff and actinolite schist are not found in the 
Xitieshan Formation.  
 
5.3 Tectonic significance 
Zircon  LA-ICPMS  U-Pb  dating  of  key  strata 
demonstrates  that  not  only  the  principal  part  of  the 
Tanjianshan Group formed at 463–440 Ma but also there 
existed metamorphic ages of 460–456 Ma and 430 Ma, 
and magmatic crystallization ages of 908 Ma, 460 Ma and 
430 Ma. In the age frequency spectrogram of zircons from 
Tanjianshan Group (Fig. 6), it displays three prominent 
peaks of 432 Ma, 460 Ma and 908 Ma (857–958 Ma) and 
some sporadic ages range from 1750 Ma to 1900 Ma. 
These  age  data  record  the  times  of  intense  tectonic-
magmatic-metamorphic-deposition  events  of  early 
Palaeozoic Caledonian and Neo-Proterozoic Jinningian in 
North Qaidam and imply that large-scale collision events 
have occurred in North Qaidam. 
In fact, there exists over 700km north-west oriented UP-
UHP  metamorphic  belt  which  is  formed  during  the 
Caledonian between the north Qilian block and the south 
Qaidam block. It is considered to form by subduction of 
the Qaidam block underneath the Qilian block during 
closure of the Paleo-Qilian oceanic basin and subsequently 
?
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by collision of the two continental blocks in Paleozoic 
(Song et al., 2003a; Yang et al., 2006; Zhang et al., 2008; 
Liu et al., 2009; Zhang et al., 2013). It extends from the 
Dulan through the Xitieshan to the Yuka eclogite-bearing 
terranes  for  ca.  350  km (Zhang  et  al.,  2013).  North 
Qaidam orogenic belt is mainly composed of granitic and 
pelitic  gneisses,  with  minor  intercalated  amphibolites, 
marbles, eclogites and garnet peridotites (Yang et al., 
1994,  1998,  2002).  Geochronological  investigation 
demonstrates  that  some of  the  ages  of  the  Xitieshan 
eclogites  were  about  750–800  Ma  and  877  Ma, 
respectively (Zhang et al., 2005, 2006, 2011), whereas the 
UHP metamorphism took place at 420–460 Ma (Liu et al, 
2009; Song et al., 2011; Zhang et al., 2011). Yang et al.
?2002?reported  that  zircon  SHRIMP  U-Pb 
metamorphic ages of 440~490 Ma from garnet peridotite 
of  Luliangshan  area,  which  is  consistent  with  the 
metamorphic  ages  of  440~500 Ma from eclogite  and 
gneiss (Yang et al., 2002; Zhang et al, 2000). Song et al
(2003b, 2005) obtained three SHRIMP zircon U-Pb ages 
of 457 Ma, 423 Ma and 397 Ma from garnet peridotite, 
dunite and associated garnet pyroxenite of Luliangshan 
area,  which  represent  magmatic  crystallization  age  of 
protolith of eclogite, UHP metamorphic age and post-
thermal event age, respectively. Meanwhile, Song et al
(2003b, 2005) obtained two SHRIMP zircon metamorphic 
ages of 458 Ma and 423 Ma from UHP eclogite and 
coesite-bearing gneiss of the Yematan area, Dulan, North 
Qaidam,  respectively.  Yang et  al  (2005)  reported the 
metamorphic age of 452 Ma from UHP coesite paragneiss. 
Mattinson  et  al.  (2006a,  b)  obtained  eclogite-facies 
metamorphic ages of 422–455 Ma from eclogite in the 
Yematan area, Dulan, by the method of zircon SHRIMP. 
Zhang et al. (2007) reported metamorphic ages of 421–
454  Ma  from  mafic  granulites  and  granulite  facies 
metamorphic gneiss,  which are associated with garnet 
peridotite of the Luliangshan area. Chen et al. (2007a, b) 
and Chen et al. (2009) reported similar metamorphic ages 
of  458  Ma  from  Xitieshan  eclogite  and  Yematan 
paragneiss in UP eclogite by the method of zircon LA-ICP
-MS U-Pb. Song et al. (2011) obtained Xitieshan eclogite-
facies metamorphic age of 433 Ma by SIMS method, 
which is consistent with the formation age (430–435 Ma) 
of Yuka eclogite (Chen et al., 2007a, b; Chen et al., 2009). 
In addition, many I-type and S-type granites associated 
with subduction or collision occurred in North Qaidam 
UHP metamorphic belt. The zircon SHRIMP U-Pb dating 
shows the granites formed at three stages of the early 
Paleozoic, which are 496 Ma, 446 Ma and 401–408 Ma 
(Wu et al, 2001, 2004, 2007, 2008). Meanwhile, Chen et 
al. (2012) and Meng et al. (2005) reported the intrusion 
ages of about 428 Ma of Xitieshan granite by SHRIMP or 
TIMS dating methods. Obviously, the above data show 
that the formation age between 420 Ma and 458 Ma of 
volcanic-clastic sedimentary rocks of Tanjianshan Group 
is consistent with both granite associated with subduction 
of oceanic crust and eclogite, garnet peridotite, granulite, 
gneiss associated with continental collision in different 
regions  (i.e.  Dulan,  Yukahe,  Liuliangshan,  Xitieshan 
areas). This age recorded a full evolution process of plate 
convergence  event  from  oceanic  crust  subduction  to 
continental crust deep collision (Yang et al., 2003, 2009; 
Yang et al., 2005). 
Besides  the  Caledonian  tectonic-magmatic  events, 
granitic gneiss in North Qaidam UHP metamorphic belt 
recorded the Jinningian tectonic-magmatism too. Granitic 
gneiss and aluminum-rich gneiss are wall rocks of eclogite 
in North Qaidam. However, granitic gneiss occupied about 
80% in the exposed area of the UHP belt. Li et al. (1999), 
Lu (2001) and Lu et al. (1999, 2002) reported TIMS ages 
of 1020 ± 41 Ma, 1020 ± 20 Ma and 987 ± 93 Ma from 
granitic gneiss of the Yukahe, Shaliuhe and Luliangshan 
areas, and a SHRIMP zircon age of 844 ± 15 Ma from 
Xitieshan granitic gneiss; Song et al. (2004) also obtained 
magmatic crystallization age of 1003 ± 14 Ma for granitic 
gneisses by the SHRIMP method. Zhang et al. (2003) 
reported a TIMS U-Pb zircon upper intercept age of 952 ± 
13 Ma of granitic gneiss. Lin et al. (2006) and Chen et al. 
(2007) reported magmatic crystallization ages of 952 Ma 
and 920–910 Ma of granites from the Yuka, Shaliuhe and 
Quanjihe areas, North Qaidam. Zhang et al. (2011, 2012) 
obtained a magmatic protolith age of 877 ± 8 Ma and a 
metamorphic age of 439 ± 8 to 461 ± 4 Ma from the 
Xitieshan bimineralic eclogite by the zircon SHRIMP U-
Pb method. Recently, we also obtained zircon LA-ICPMS 
U-Pb  ages  of  930–905  Ma  of  granitic  gneiss  from 
Dakendaban  Group,  Xitieshan  (Liang  et  al.,  20013 
unpublish).  Obviously,  similar  Jinningian  plate 
convergence event occurred in the Xitieshan, Shaliuhe and 
Yukahe areas,  North  Qaidam.  The tectonic-magmatic-
metamorphism probably lasted for more than 200 Ma, 
roughly ranging from 1050 Ma to 850 Ma. The measured 
Neo-Proterozoic  zircon ages  from Tanjianshan  Group, 
Xitieshan, which range from 857 Ma to 959 Ma with peak 
ages of 908 Ma (Fig. 6), are very close to that granitic 
gneiss of other areas, North Qaidam. 
 
6 Conclusions 
 
(1) The Tanjianshan Group suffered strong deformation 
and metamorphism and its original occurrence was almost 
rebuilt  and destroyed.  LA-ICPMS zircon U-Pb dating 
shows that the original  a-1 and the original  d-3,  d-4 
formations, the original a-2, b and d-1, d-2 formations 
formed at the same time in different areas, respectively. 
The former formations formed at about 463.8 ± 3.9 Ma–
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458.0 ± 3.6 Ma, while the latter formed at about 445.6 ± 
5.1 Ma. The original c Formation was formed after 430 
Ma,  and  probably  belonged  to  the  late  Silurian-early 
Devonian (430–400 Ma). 
(2) We reserve the name of Tanjianshan Group in our 
study. However, its new formation names were re-built. 
The new formations from bottom to top were as follows: 
the  Duancenggou  Formation  (O1–2td),  Zhongjiangou 
Formation (O2–3tz) and Xitieshan Formation (O3tx). The 
original c Formation is separated from Tanjianshan Group, 
which is re-named as Wuminggou Formation (S3-D1w). 
(3) The detrital zircons of sample from the original c 
Formation yield apparent ages ranging from 429 Ma to 
2539 Ma, with three distinct peaks of 430 Ma, 460 Ma and 
908 Ma, indicating their principal derivation from source 
rocks of North Qaidam. These peaks are consistent with 
the  metamorphic  and  magmatic  crystallization  ages 
recorded in North Qaidam HP-UHP metamorphic belt, 
indicating  that  the  strong  Caledonian  and  Jinningian 
tectonic  and magmatic  events  have ever  happened in 
North Qaidam. 
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